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Normalization and subtraction: two 
approaches to facilitate gene discovery 

MF Bonaldo, G Lennon and MB Soares 

Department of Psychiatry, College of Physicians and Surgeons of Columbia University, New York, New York, USA. 

Large-scale sequencing of cDNAs randomly picked from libraries has proven to be a very powerful 
approach to discover (putatively) expressed sequences that, in turn, once mapped, may greatly expedite . 
the process involved in the identification and cloning of human disease genes. However, the integrity of 
the data and the pace at which novel sequences can be identified depends to a great extent on the cDNA 
libraries that are used. Because altogether, in a typical cell, the mRNAs of the prevalent and intermediate 
frequency classes comprise as much as 50-65% of the total mRNA mass, but represent no mpre than 
1000- 2000 different mRNAs, redundant identification of mRNAs of these two frequency classes is 
destined to become overwhelming relatively early in any such random gene discovery programs, thus 
seriously compromising their cost-effectiveness. With the goal of facilitating such efforts, previously we 
developed a method to construct directionally cloned normalized cDNA libraries and applied it to 
generate infant brain (INIB) and fetal liver/spleen (INFLS) libraries, from which a total of 45,192 and 
86,088 expressed sequence tags, respectively, have been derived. While improving the representation of 
the longest cDNAs in our libraries, we developed three additional methods to normalize cDNA libraries 
and generated over 35 libraries, most of which have been contributed to our integrated Molecular 
Analysis of Genomes and Their Expression (IMAGE) Consortium and thus distributed widely and used 
for sequencing and mapping. In an attempt to facilitate the process of gene discovery further, we have 
also developed a subtractive hybridization approach designed specifically to eliminate (or reduce 
significantly the representation of) large pools of arrayed and (mostly) sequenced clones from 
normalized libraries yet to be (or just partly) surveyed. Here we present a detailed description and a 
comparative analysis of four methods that we developed and used to generate normalize cDNA libraries 
from human (15), mouse (3), rat (2), as well as the parasite Schistosoma mansoni (1). In addition, we 
describe the construction and. preliminary characterization of a subtracted liver/spleen library (DsTFLS- 
SI) that resulted from the elimination (or reduction of representation) of -5000 INFLS-DV1AGE clones 
from the INFLS library. 
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dbEST Id: 

EST name: 
GenBank Acc : 
GenBank gi : 



3657583 

xv30c09 . xl 

AW274482 
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CLONE INFO 

Clone Id: 
Source: 
DNA type: 

PRIMERS 

Sequencing : 
PolyA Tail : 



IMAGE: 2814640 (3') 

NCI 

cDNA 



-40UP from Gibco 
Unknown 



SEQUENCE 



Quality: 

Entry Created: 
Last Updated: 



AGAAAAAT AGAAAAGTTTACT ACTTT GAAAAGGAAACTAT GACAAACAAGTATAT ATT CA 
GGAAAGGGACT C CT AGAACT T GAGCAACAAAAAAGAGT T CAAC CT C GGC ACAGT GGAGT C 
T GCAGT GT CT C C GCAACAAC AGAAAT GAACT TGT GT T C CT C ACAT C CT T GAGAGT C GAGG 
T TT GC AT T T CT C T AC AGAGCT AGGGCT GAAT GAAGCAAAGAGAC C T CT GC CAC C C C CACT 
AGCT GGCC CAGT CCTGGAAGC GGAAGCAGT CACTT GCGAT CTT CCACACT GTGTT GCT GG 
GTGAGGCCTGGGCGGTCAGGATGAAGTTCTGGTTGAAGTCCCGTTGTTTGTTCCCCTCAA 
ACT T CACT GAT C CACAGAT GACAACAAGGAC C GT GGT CT GGCT T GGT GT GGCT T CAT CAT 
GAACAGGCT GGCAGT CTACCAC GCT GATTT GGAACTCGCT GGAAGGCAACATTT CAAAAA 
ACT CACT CAAGGAT T C T T GT C CT GAAACAGCATT GC CAT T C CAGAC CAGGGT GGCT GT GC 
C CAT GT ACAGGC GGGACAGCAAAC GC C GC C GCTTAT C CAT GGT GGT GT AGT AGACATT GA 
CAGACTCCTCAGCAGCTCTGCAGGCCTGATC 
High" quality sequence stops at base: 466 

Jan 3 2000 
Jan 3 2000 
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This clone is available royalty-free through LLNL ; contact 
the IMAGE Consortium ( inf o@imaqe . llnl .gov ) for further 
information. 
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R. Site 1: 
R. Site 2: 
Description : 



Not I 
Eco RI 

Equal amounts of plasmid DNA from three normali 
(fetal lung NbHL19W, testis NHT, and B-cell NCI 
were mixed, and ss circles were made in vitro: 
purification, this DNA was used as tracer in a 
hybridization reaction. The driver was PCR-ampl 
from pools of 5, 000 clones made from the same'3 
The pools consisted of I.M.A.G.E. clones 297480 
682632-687239, 726408-72 8711, and 729096-731399 
by Bento Soares and M. Fatima Bonaldo. 
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1997 

Unpublished 



MAP DATA 



Disclaimer | Write to the Help Desk 
NCBI | NLM | NJH 



Cb 



hg 



fcg c 



e e 



c e 



NCBI Sequence Viewer 



Page 1 of 2 



m 



Search jNucleotide || for [ 

Limits 




PMC 



? axortorr.y OMi M Boo 



default 



Preview/Index History 
HI Show: [20^ l^Slttl |File ^ 




O 1: BF195575. 7n85bll.xl NCI_CG...[gi: 11082605] 



Links 



IDENTIFIERS 
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GenBank Acc: 
GenBank gi : 
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CLONE INFO 

Clone Id: 
Source : 
DNA type: 



IMAGE: 3571173 

NCI 

cDNA 



(3') 



PRIMERS 

PolyA Tail: 



Unknown 



SEQUENCE 



Quality: 

Entry Created: 
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AAGAAGCAACATGTGTATTATTAAATTATTTGTCAGAATTTCCAGAATCAGAGTCTCTAC 
T GGGCAAGTAGAAAAATAGAAAAGTT T AC T ACT T T GAAAAGGAAACTAT GACAAACAAGT 1 
ATATATT CAGGAAAGGGACT C CTAGAACTT GAGCAACAAAAAAGAGTT CAACCT CGGCAC 
AGTGGAGTCTGCAGTGTCTCCGCAACAACAGAAATGAACTTGTGTTCCTCACATCCTTGA' 
GAGTCGAGGTTTGCATTTCTCTACAGAGCTAGGGCTGAATGAAGCA7\AGAGACCTCTGCC 
ACCCCCACTAGCTGGCCCAGTCCTGGAAGCGGAAGCAGTCACTTGCGATCTTCCACACTG 
TGTTGCTGGGTGAGGCCTGNGCGGTCAGGATGAAGTTCTGGTTGAAGTCCCGTTGTTTGT 
TCCCCTCAAACTTCACTGATCCACAGATGACAACAAGGACCGTGGTCTGGCTTGGTGTGG 
CT T CAT CATGAACAGGCCT GCAGT CTACCAC GCT GATTT GGAACT CGCTGGAAGGCAACA 
T T T CAAAAAACT CACT CAAGGATT CTT GT GC T GAAACAGC ATT GC CAT T C CAGAACCAGG 
GGTGCTGTGCCCATGTACAGGCCGGACAGCAAACGCCCGCGCTTATTCCCTGGTGGTGTG 
T GACAT T GACAAACT T C TCACAGCT CT GCAAGGCT GAT C C ACAT AGTT GT GAAAT C C CAA 
High quality sequence stops at base: 466 

Nov 3 2000 
Nov 3 2000 



COMMENTS 



PUTATIVE ID 



Tissue Procurement: Christopher A. Moskaluk, H.D. , Ph.D., 
Michael R. Emmert-Buck, M.D., Ph.D. cDNA Library 
Preparation: M. Bento Soares, Ph.D. cDNA Library Arrayed by: 
Christa Prange, The I.M.A.G.E. Consortium DNA Sequencing by: 
Washington University Genome Sequencing ' Center 
Clone distribution: NCI-CGAP clone distribution information 
can be found through the I.M.A.G.E. Consortium/LLNL, send" 
email to: inf oQimaqe . llnl . gov - " 

Assigned by submitter 
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Lib Name: NCI_CGAP_0vl8 

Organism: Homo sapiens 

Organ: ovary 

Tissue type: fibrotheoma 

Lab host: DH10B (phage-resistant ) 

Vector: pT7T3D-Pac (Pharmacia) with a modified polylinker 

R. Site 1: Not I 

R . Site 2: Eco RI 

Description: 1st strand cDNA was primed with a Not I - oligo(dT) primer 
[ 5 1 T GTT AC CAAT C T GAAGT GGGAGC GGC C GC GC GACAT TTTTTTTTTTTTT TTT T 
3 1 ]; double-stranded cDNA was ligated to Eco RI adaptors 
(Pharmacia) , digested with Not I and cloned into the Not I 
and Eco RI sites of the modified pT7T3 vector. Library went 
through one round of normalization, and was constructed by 
Bento Soares and M. Fatima Bonaldo. 
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